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1 Recent w r k  on t h e  s t a t e  of axygen in coal.  structure has estaolished 
t h a t  the major p r t  of oxygen occurs i n  the < o m  of iunctional groups, such 
as S W h ,  &E and .GO. 
'telieved t o  be present prooabiy as ether o r  in heterocyclic arcbination 
p r t i c u l a r l y  in hi& rank coals,  althougn direct  experimental confixmation 
i s  lacking. 
t h a t  have been ca-ried out to eluciaete t ie  s ta te  of oxygen in such conbi- 
nations. 

Treatment of coal x i t h  h p r i o d i c  ecid a t  an elevated temprature 

aut i f  

km-ever, a substantial  percentage of oxygen, i s  

In the present paper an account i s  given o f  the imrestig&m.s 

should resul t  i n  tho, break-doxn of ether structure and the ether oxygen 
v.i . l l  appear as -OH groups. 
on HI treatment will -be a d i r ec t  Xasu re  of  the ether oxygen. 
mixed ethers are present, the al!al i  hydrolysis o f  t i e  21 t reated product 
will resul t  i n  the formation of further quantity o f  -OH groups. 
t he  estimation of -OH groups in tam stages, as statea  above, w i l l  give a 
quantitative measure o f  the different  types o f  echer oxygn in coal. The 
course of  reaction may be presented as f o l l o w s  : 

In  case of aryl etliers ths  -OH goups  formed 

'therefore 

Em' '+ HI =ZUH + R ' I  ..... (1) 
R'I + X o i i  =a'OH + M ..... (2) 

The a'mve method has teen applied to = s t h a t e  ti?e ather oxygen 
present in coal. 
the treatment with til: v r i y  lead to t h e  addition of hwrogen and iodine 
to  the unsaturated carmn atoms. The iodine thus combined will under@ 
a l k a l i  hydrolysis w i t h  t h e  formation of hyoroq-1 groups. Thus it appears 
t ha t  on the basis o f  iiC treatment ard subsequsnt hydrolysis alone it is  
not possible to obtain unequivocal. evidence regarding t h e  presence of 
mixed ether in complicated structures like coal, which i s  LiBely t o  
contain uns&uration in i ts  structure. 
unszturation i n  coal wag estimated by the metnoa devebpea by t h e  authors 
earlie&. 

However, it is ih.ell-knohn tha t  in case o f  unsaturation, 

To eliminate t h i s  uncerGarintjr, 

Zxoerizm9xiL 

I n  the present experiments, v i t r a ins  fron uiffe-ent  ranks of coal  were 
selected. 
per gn. o f  c o d ,  sp. g. of ri1 = 1.73 for a perioii o f  8 h o u r s  a% 130% 
ard then washe a f ree  or' n ~ r i o d i c  acid. The proauct was subsequently 
analysed for  hgdroxyl groups. 

'The saiples were reflaxed w i t h  nyciriodic acid ( 8 C.C. cf 51 

L&imttion o f  "-Gi?' groups :- LmGt 1 p. of the s-le was accilrzteD 
wkiched and acetylated Wi'& acetic anliy6ride 
acetate (15 g.) 'fby refluxing for 3.5 hours at 140°C. 'rhe acetylated . .. 

pmduct was wasbed free fron acics ad h j j Q r s e d  by 20 D.c. XG solution. 
The -goduct vias nsxt acidified with concentrated. sulpinxic acid x d  the 
acetic acid l ibzrated was a i s t ~ e i  oPf ana t i t r a t e d  against stan- 

c.c.) ana r'usei sodim 

(see over) 
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. alkali. The p.c. of oxygen as -OH in the HI t reated samples was calculzteu 

on the  i n i t i a l  coal basis. 

A second part of the H I  t reated sample vias hydrolysed. 'by aqueous KOH 
(2.5 1:) solution under reflux. 
hydrochloric acid, washed f r e e  o f  chloridegandthe "-0tim content was s u b  
sequently estimated by G e  above metnod. 

The product &us obtained was acidified oy 

'the iUct'ondL oxygen gmups in v i t r a i n s  were estimated .by t h e  maven- 
t i o n a l  mthods? Tha c a r b x y l  and t he  carbonyl goups in the Pitrains were 
found to r h a i n  unaffected by tiI-treatXent. 

For t he  ,estimation o f  unsaturation in c d, oxidation by potash ' e q g a -  8 G t e  in d i lu t e  aqueous solution was eiqlofred . 
d i lu t e  Eiqueous solution brings dmut hydroxylation of etnylenic double bonds, 
provided t i l &  the reaction is mt carried t o o  far ani t h e  temperature does 
not exceed OOC. Tne reaction is bst carried out in neutral  medium, Two 
hydroxyi goups are fo rma  per one unsazuration linkage. 

It is W b - i n  khat GM4 in 

H 79.4 5.6 1.9 u. 6 12.5 
3 83.0 5.8 2.3 0.5 6.4 
c 88.0 5.2 2.3 0.5 4- 0 

-_I_--------------- 

TABIS - I1 

(see over) 
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IncEase in ovygen p.c. a s  4% on permngtinate _ _  (d.a.f .  
c o d  oasis) oxicktion 

The elsmental w q o s i t i o n  as ':leu 6s the. dis t r ibut ion of  oxygen i n  different  
W x t i o n a l  groups of tns  vitra5.n sarlrples i s  presentxi i n  'rablcs I a h  11. 
increase in h;rdro*;l contents after fl treatment a s  wen as after subsed_uent 

increase in OS groups z f t e r  HI -. t r s a t x n t  i s  t o  be atZributed 
LidagOs, and suck?, the increase in oxygm p.c. as "-cji.i" gi-V-ss a d i r ec t  
x a s u r a  o f  ether oxygsn present 

, . d i t a l i  hydrolvsis of the tiI treated product w i l l  iead to tile r b m b n  ai' 

'The 

- hydroLySis i s  S~DVM in 'Table 1x1. It was staked Eazl ie r  that the . 
the  sther 

, 

cod.  .In case o f  nixsd.et ier ,  hov.-sver, thc 

additional a p u n t  of "-OH" p u p s .  . 

From an,i&?ection o f  the Table ii1 ii; i s  eviuknt t ha t  coais o f  hi& rank . , 

(5  & 2) contain only aryi ethers  and the  increase in oxygen p.c. as "-Cd" 
uireci.17 DELsures the ?ercerttag> o f  e ther  oxygen. 
(A) , hoy.:ever, t h e  forrd.ion of a signil'iczink =punt o f  hproxyl  groiqs- on 
a l l d i n e  h$.rolysis ?rooaiiiy indicates t h ~  preseme o f  mixed ethers. 
t h a t  the h;;drolgrsis st.=p of t h e  ioao-derivative g e s  t o  wm@etion, the 
increass in -Wi contents on a3icdine hydrolysis should t~ equal to t n a t  o'btaineb 
on ril-creatmnt. 'The qGarent discrepsAcg between t h e  b io  values, as  evident 
fron'i'able 111, ';;lay therefore be ascribed .either to c q e r i n e n t a l  errors  or t o  
sone :o@icacving factor. FromPable iY it w i i l  'E sem t h a t  unsaturation occurs 
in  c o a l  of this particular rank. The a d ~ i t i o n  of-hi to t he  dmble bnds leais 
to t he  formtion or' -UI gmups on subsequent hp ro iys i s .  It q,pe,lrs,therefore, 
;hat for c a d s  of low r d ,  t h e  foraation o f  -tiii goups on hydrolysis of  the H I  
t reated product i s  pa r t iy  due to t he  presence of unsaturattion., Thuz , f o r  b1.r 

raA coals, + a s  a ? p r e n t  lack o f  agsenent  betwen the values o f  hyiroxyl gmur~s,  
::I be .iarg?jy in t e r m  of unsgturation. . It may therefore be concluded 
t h a t  a s i g i i i c a n t  pzrcenkgz of ether a.xyg;e? i s  present i n  coa ls  of dif iereqt  
r&ik and t n a t  th? lox rank coals w e  cha rac t a i sed  by t h e  presence o f  -nixed 'ethers. 
i: piould a2pear t na t  a-mut 60 p.c. of 'he to t& unreactive o x y s n  in cads of 
different  rankt ar? present i n  etner cornination. 

i n  case o f  l o w  rad: coa l  

A s s W g  
. ,  
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